season (May, July and September). Sampling was conducted bimonthly and triplicate values were obtained. Samples were measured at three different distances from the proposed high emission source in a wind ward direction (i.e. 3.05, 7.62 and 15.24 meters).Four stations cutting across the four central Niger Delta states including Delta (Agbhara Otor), Bayelsa (government approved central dumpsite along Amassoma-Yenagoa road), Rivers (Elele) and Abia (Aba).
Health Risk Assessment

Median and Geometric Means Computation
In environmental/ecological risk assessment studies, data is commonly compared with a control. Scholars have also suggested the comparison with natural/ pre-industrial background values (Izah et al., 2017b-d) . This type of data is not readily available around sites used as dumpsites. Based on this, geometric mean was used as reference which have been considered for assessing environmental risk (Bhutiani et al., 2017; Thambavani and Uma Mageswari, 2013) and median value which has been recommended by Bhutiani et al. (2017) , Monakhov et al. (2015) , Sarala and Sabitha (2012) . Typically, the use of median which is a measure of central tendency in place of arithmetic mean shows the main trend in the index values for management purpose (Izah et al., 2017b; Sarala and Sabitha, 2012) . As such the risk assessment for this study was based on two scenarios viz geometric and median means. In few instance where air pollutants were not detected, 50% of the mean detected value was considered, a trend that have been applied by Izah et al. (2017b Izah et al. ( -d, 2018b ), Bhutiani et al. (2017) .
Air Quality Index Calculation
Air quality index is commonly used by government agencies to communicate to the general public the extent of environmental pollution or to make a forecast (Wikipedia, 2018) . Typically an increase in air quality index is an indication that a larger populace of the locality will suffer adverse health effects. According to , Air Quality Index was developed to assess the magnitude of air pollutants in the environment. Several approaches are available for the computation of air quality index. For instances, Akinfolarin et al. (2017) used simulated emission techniques. , ACT Government (2018) reported the use of national environmental protection monitory standards. The authors further reported that this technique is a universal approach for calculating air quality index. But a developing country like Nigeria there is no permissible limits for some air pollutants that are frequently monitored. Hence in a condition where limits are not available a reference background should be developed based on the atmospheric conditions of the study area for uniformity. As such modification of the universal air quality index was made by replacing National Regulatory Limit for individual air pollutants with the background values. Hence in this study the air quality index of the respective gas was calculated as:
Criteria for Comparing Air Quality Index
Several countries of the world have applied air quality index in determining the level of air pollutants associated with human activities in different industrial setting. Some of the countries that have adopted air quality index in forecasting how clean the air is include Canada, Hong Kong, Malaysia, Mainland China, India, Mexico, Singapore, South Korea, United states, United Kingdom, Scotland among others. But information of air quality index is scantly available in Africa including Nigeria. The air quality index previously applied by Akinfolarin et al. (2017) was slightly modified. This was carried out based on the air quality index criteria of some other countries including China, India, South Korea and Singapore.
Other criteria consider were the fact that emission decreased with an increase in distances away from the emission sources. In all, the emission source at 50 feet away from the source showed less than 50% of the concentration gradient in a windward direction. The geometric mean and median mean was considered as the reference background mean at 10 feet diameter of the emission source. Based on the fact that health risk assessment is based on estimation, gases that showed a range of particular value for the two background reference values were considered as true risk. Table 1 
RESULTS AND DISCUSSION
Concentration of the Noxious Gases
The bimonthly, spatial emissions and distances of air quality results from waste dumpsite in some Niger Delta states are presented in Table 1 , 2 and 3 respectively. The p-value of the statistical analysis of months, locations, and distances and their various interactions is presented in Table 4 .
Ammonia
The concentration of ammonia in the various months of study ranged from 1.34 -2.37 ppm. There was significant variations at p<0.05 in the various months of study ( Table 1 ). The spatial-temporal distribution of ammonia in the study area ranged from 1.52 ppm -2.47 ppm, being significantly different at p<0.05 among the various locations apart from locations B and C that showed no significant difference at p>0.05 based on pair wise comparison ( Table 2 ). Based on distances ammonia ranged from 0.88 -3.02 ppm. Ammonia concentration showed significant decline at p<0.05 as distance increased (Table 3 ). On interaction of months and location, months and distance, distance and location, and months, distance and locations, there was significant variation at p<0.001 (Table 4 ).
Ammonia concentration at dump sites for the various months studied showed significant variation across distances due to dilution effects from air movement and characteristics of the wastes. Soil organic matter containing wastes could also contribute to seasonal variation in ammonia concentration among the various months studied. Generally, ammonia concentration gradient was high during the dry season for waste dump sites. The higher ammonia concentration suggests seasonal influence . The concentration of ammonia in all four objects of study declined as distance away from the emission source increased. This trend have been reported in smallholders oil palm processing in Rivers state by , by semi-mechanized processors in Bayelsa state by . Apart from waste dumpsites, the value of ammonia across the areas of study is in the range of <0.01 -0.667 ppm at 3.05 meter (10 feet distance), <0.01 -0.267 ppm at 7.62meter (25 feet distance) and <0.01ppm at 15.24meter (50 feet distance) in a windward direction from smallholder oil palm processing ) and value of 0.01 -0.2 ppm during combined activities of boiling and digestion from semi-mechanized palm oil mill 
Hydrogen Sulphide
Hydrogen sulphide concentration in the various months of study ranged from 1.70 -2.44 ppm. There was significant difference at p<0.05 among the various months of study (Table 1 ). The spatialtemporal distribution of hydrogen sulphide ranged from 1.21 ppm -2.95 ppm. There was significant difference at p<0.05 among the various locations of study (Table 2 ). Based on distances hydrogen sulphide ranged from 0.72 -3.33 ppm. Hydrogen sulphide concentration showed a significant decline at p<0.05 further away from the emission source (Table 3 ). Like ammonia, hydrogen sulphide showed significant (p<0.00) interactions between months and location, months and distance, distance and locations, and months, distances and locations (Table 4 ). Again the significant difference in the hydrogen sulphide could be due to air movement (based on distances), characteristics of the wastes (locations). Hydrogen sulphide concentrations were significantly lower during the different months of study in the wet season (May, July and September 
Carbon Monoxide
The carbon monoxide concentration among the various months of study ranged from <0.01 -0.53 ppm. There was significant variations at p<0.05among the various months ( Table 1 ). The spatialtemporal distribution of carbon monoxide ranged from 0.12 -0.21 ppm. There was significant difference at p<0.05 among the locations. But pairwise comparison showed no significant difference at p>0.05 between location A and C, and B and D ( Table 2 ). The concentration of carbon monoxide based on distance ranged from 0.02 -0.44 ppm. Carbon monoxide concentration showed significant decline at p<0.05 as distances increases (further emission source) ( Table 3 ). On interaction of months and location, months and distance, distance and location, and months, distance and locations, carbon monoxide showed that there was significant variation at p<0.001 ( Table 4 ). The significant variations at p<0.05 among distances showed the effect of air movement, locations showed the effect of varying amount of the wastes in the dumpsite, and the effects during the seasons showed the effect of combustion in the various locations during the dry season as against wet season. The carbon monoxide concentration were lower than the Daily average of hourly values and 10ppm (11.4µg/m 3 The values reported in this study were close to the value of 0.18 -1.23 ppm in dry season and 0.00 -0.54 ppm in wet season from dumpsites in Yenagoa metropolis, Bayelsa state. During combustion processes of biomass, waste and gasoline carbon monoxide is emitted.
Sulphur Dioxide
Sulphur dioxide concentration among the various months of study ranged from 0.05 -0.19 ppm. Basically, there was significant variations at p<0.05 among the various months ( Table 1 ). The spatialtemporal distribution of Sulphur dioxide ranged from 0.08 -0.11 ppm. No significant difference at p>0.05 among the locations ( Table 2 ). The Sulphur dioxide concentration based on distance ranged from 0.01 -0.23 ppm. Like other noxious gases (carbon monoxide, ammonia, hydrogen sulphide and nitrogen dioxide), the concentration of Sulphur dioxide showed significant decline at p<0.05 as distances increased (Table 3 ). On interaction of months and locations, months and distances significant difference at p<0.05 exist for sulphur dioxide, but the distances and location, and months, distances and locations no significant variation at p>0.05 exits on their interactions ( Table 4 ).
The concentration of Sulphur dioxide was higher than the daily average of 0.01ppm (26µg/m 3 ) and lower than the hourly values of 0.1ppm (260µg/m 3 ) for Nigerian ambient air quality except for waste dumpsite that has higher sulphur dioxide value. The values reported in the dumpsite in this study is comparable to the value of 0.01 -0.81 ppm in both wet and dry season from waste dump site in Yenagoa metropolis , 0.22 -0.23 ppm in a landfill in port Harcourt (Ezekwe and Arokoyu, 2017), and 0.026 -1.677 mg/m 3 around landfill site in Rumuolumeni, Port Harcourt metropolis (Weli and Adekunle, 2014).
Nitrogen Dioxide
The concentration of nitrogen dioxide in the various months of study ranged from 0.02 -0.14 ppm. The result shows significant difference at p<0.05 among the various months ( Table 1 ). The spatialtemporal distribution showed that nitrogen dioxide concentration ranged from 0.01 -0.10 ppm. Significant difference at p<0.05 exist among the locations ( Table 2 ). The nitrogen dioxide concentration based on distances ranged from 0.01 -0.14 ppm. The nitrogen dioxide concentration showed significant decrease at p<0.05 as the distances away from the emission source increases ( Table 3 ). On interaction of months and location, months and distance, distance and location, and months, distance and locations, nitrogen dioxide showed significant variations at p<0.001 ( Table 4 ). The significant variation that occurred suggests that seasons, distances and locations have the tendency to interfere with the concentration of nitrogen dioxide in the study area. Season affects the concentration of nitrogen dioxide. Nitrogen dioxide was higher than Nigeria ambient air quality value of 0.04ppm -0.06ppm (75.0µg/m 3 
Health Risk Assessment of the Noxious Gases
The air quality index of noxious gases from waste dumpsite in some locations in the Niger Delta is presented in Table 5 . Health risk assessment based on ammonia concentration ranged from slight pollution (50<HRA≤100) to moderate pollution (100<HRA≤150) across both seasons and backgrounds (geometric means and median mean) under consideration ( Health risk assessment of Sulphur dioxide values ranged from no pollution (HRA≤50) to moderate pollution (100<HRA≤150). The health risk will mostly affect sensitive group of people and in few instances it could also be detrimental to all group of individuals. The health risk did not showed a particular trend this is because of the variation among the various locations. The quantity and moisture contents and physical composition of the materials being combusted also affect the emission pattern (especially during the dry season). Typically, sulphur dioxide which has sharp smell, and it has the tendency to react with other compounds (Seiyaboh and Izah, 2019) . The air quality index of Nitrogen dioxide ranged from no pollution (HRA≤50) to hazardous pollution (200<HRA≤250). The health risk index were within no pollution to dense pollution except for dry season value of location A (Bayelsa state) under geometric mean consideration that showed hazardous pollution. Typically in the environment decomposition of wastes is the major source of nitrogen in the air  Weli and Adekunle, 2014; Njoku, 2015).
Relationship Between the Noxious Gases and Meteorological Indicators
The correlations matrix of the various parameters under study for waste dumpsite is presented in Table 6 . Ammonia showed positive significant relationship with hydrogen sulphide (r = 0.799), carbon monoxide (r = 0.417), sulphur dioxide (r = 0.739), nitrogen dioxide (r = 0.509) at p<0.01. Hydrogen sulphide showed positive significant correlation with carbon monoxide (r = 0.467), sulphur dioxide (r = 0.653), nitrogen dioxide (r = 0.580) at p<0.01. Carbon monoxide showed positive significant relationship with sulphur dioxide (r = 0.456), nitrogen dioxide (r = 0.302) at p<0.01, wind speed (r = 0.161) at p<0.05, and negatively correlate with relative humidity (r = -0.340). Sulphur dioxide showed positive significant relationship with nitrogen dioxide (r = 0.485), volatile organic compounds (r = 0.609) at p<0.01.
There was high significant relationship between the noxious gases (nitrogen dioxide, Sulphur dioxide, carbon monoxide, hydrogen sulphide, ammonia suggesting that the emissions are from similar source (Izah et al., 2017b) . Furthermore in some instances meteorological factors had effect on emissions. Studies have shown that significant correlations is an indication that the emissions are from common source and mutually dependent, while negative significant relationship is an indication of mutually independent variables ( 
Impacts of the Meteorological Parameters on Noxious Gases Based on Seasons
The metrological characteristics of the study area based on bimonthly, locations and distances for all the activities under study is presented in Table 7 , 8, 9, respectively. While the p-values for all locations, distances and bimonthly and their interaction is presented in Table 10 . The wind speed at the dumpsite in the various months of study ranged from 0.91 -1.27m/s, being significantly different at p<0.05 in the various months studied ( Table 7 ). The spatial-temporal distribution of wind speed around dumpsites ranged from 0.89 -1.36 m/s ( Table 8 ). The wind speed level showed significant difference at p>0.05 except at 15.24m distance (Table 9 ). Wind speed showed significant interactions at p<0.05 with distances, months and locations ( Table 10 ).
The atmospheric temperature at the dumpsite ranged from 29.76 -32.13 ºC, being significantly different at p<0.05 among the various months studied ( Table 7 ). The spatial-temporal distribution of temperature at the dumpsites ranged from 30.96 -31.63 ºC ( Table 8 ). The temperature based on distance ranged from 31.23 -31.31 ºC, which do not show significant difference at p>0.05 except at 7.62m distance ( Table 9 ). Temperature exhibited significant interactions at p<0.05 on distances, months and locations ( Table 10 ). The significant differences that occur indicates the effects of temperature on emission of noxious gases with regards to distances, locations and months around waste dumpsite in core Niger Delta states of Nigeria.
The relative humidity at the dumpsite in the various months of study from core Niger Delta states ranged from 58.39 -70.13 %, being significantly different at p<0.05 among the various months studied ( Table 7 ). The spatial-temporal distribution of relative humidity at the dumpsites ranged from 60.83 -65.07 % ( Table 8 ). The relative humidity percentage based on distance ranged from 62.69 -63.36 %. Basically there was significant difference at p<0.05 among the various distances (Table 9) . Like, temperature, relative humidity showed significant interactions at p<0.05 on distances, months and locations (Table 10 ). The significant differences that occurred indicate the effects of relative humidity on emission of noxious gases with regard to distances, locations and months around waste dumpsite in core Niger Delta states of Nigeria. . The wind speed recorded in this study indicates light air based on Beaufort scale classification. The wind speed and direction affected the concentration of air quality parameters significantly . The high values obtained in some locations and distance from each of the activity may be due to reduced cloud cover and the influence of moisture laden tropical maritime air mass . , Miguel et al. (2004) , Litvak et al. (2000) reported that enhance deposition of particles could influence meteorological indicators (Miguel et al., 2004; Litvak et al., 2000) . As such relative humidity may have influenced emissions at varying distances. Weli and Adekunle (2014) also reported that temperature and relative humidity could affect the concentration of noxious gases such as nitrogen dioxide, ammonia and hydrogen sulphide. Authors have widely reported that metrological indicators affect the fate of pollutant gases in the environment (Uba, 2015;  Weli and Adekunle, 2014; Cossu and Reiter 1996).
Potential Health Implications of the Air Pollutant
The overall seasonal values (dry and wet seasons) and the various background values (median mean and geometric mean) used in this study for waste dumpsite are presented in Table 11 . In the waste dumpsite, the concentration of ammonia for dry and wet season was in the range of 2.73 -4.11 ppm and 2.16 -3.37ppm, respectively for ammonia. Based on the air quality index, there pollution especially among the sensitive group of people. Typically, ammonia is a noxious gas that could lead to irritation of the skin, eye, nose, throat and respiratory tract at high concentration (Seiyaboh and Izah, 2019) . According to Department of Health (2005) , ammonia in the respiratory tract could cause a lot of discomfort to the respiratory system. The health risk in this study revealed that sensitive individuals could be affected via dermal, ingestion and inhalation processes at the recorded concentrations of ammonia in the activities studied. The severity of ammonia exposure depends on the duration as well as the concentration. The overall concentration of hydrogen sulphide for dry and wet season ranged from 2.67 -4.92 ppm and 1.86 -3.90ppm, respectively, being higher during the dry. From the air quality index, there is potential pollution especially to the sensitize group across both season. Typically, hydrogen sulphide is a noxious gas that is highly flammable and has rotten egg smell. On exposure it could irritate the respiratory tracts and cause pulmonary edema (Seiyaboh and Izah, 2019; ATSDR, 2014). Hence based on the findings of this study sensitive people are mostly at risk of hydrogen sulphide toxicity.
The concentration of carbon monoxide in dry and wet season was in the range of 0.58 -1.22 ppm and 0.03 -0.06 ppm, respectively. From the health risk assessment, sensitive group of people could be affected mostly especially during the dry season. Generally, carbon monoxide can interact with the haemoglobin and hinder blood supply to some vital organs such as the heart and brain. When the concentration of carbon monoxide exceeds the tolerable level in the body it could lead to the formation of carboxyhaemoglobin (Seiyaboh and Izah, 2019; Abelsohn et al., 2002) . Based on the health risk index all categories of people are at risk of carbon monoxide toxicity due to exposure but could be more detrimental to sensitive group.
Sulphur dioxide concentration for dry and wet season ranged from 0.26 -0.30 ppm and 0.14 -0.22 ppm respectively. From the health risk assessment sensitive people are prone to suffer from adverse effect of Sulphur dioxide as emissions. Sulphur dioxide has the capacity to irritate the nose and throat, cause cough, breathlessness (Department of the Environment and Heritage, 2005). But the health risk values in this study suggests that sensitive group of people may be at risk of Sulphur dioxide pollution.
The level of nitrogen dioxide in dry and wet season were in the range of 0.02 -0.30ppm and 0.07 -0.14 ppm respectively. Again, the sensitive group tends to suffer high effect of nitrogen dioxide. Basically, high concentration of nitrogen dioxide is associated to increased risk of respiratory and cardiovascular diseases which could cause liver and kidney diseases (Seiyaboh and Izah, 2019; Umesi et al., 2009 ). The tendency of nitrogen dioxide to cause health effect depends on the concentration and exposure period.
CONCLUSION
In the waste dumpsite, the values generally showed significant variation between the various locations, distances, months and their interactions. All the noxious gases (ammonia, hydrogen sulphide, carbon monoxide, Sulphur dioxide, nitrogen dioxide). These parameters also showed Significant difference at p<0.05 also exit for locations except for Sulphur dioxide. Majority of the parameters showed positive significant interactions between months and distances, months and locations, locations and distances, and months, locations and distances.The meteorological indicators (wind speed, temperature, relative humidity) showed a significant variations at p<0.05 for the various distances. Temperature correlates with carbon monoxide positively. Wind speed positively correlate with carbon monoxide and volatile organic compounds. Suggesting that meteorology positively influenced carbon monoxide concentrations. On the overall all Sulphur dioxide and nitrogen dioxide often exceed the FEPA limit in some locations and activities. However, the values for carbon monoxide within the FEPA limit for all the locations across the two predominant season of study.
Based on air quality index, the sensitive group of individuals could be affected on exposure which will depend on the exposure period. Generally, in noxious gases, there was a decline in air emissions are distance away from the emission source increased. There were spatial and months variance among the air pollutants, while changes in climatic conditions slightly affected the meteorological indicators. Based on the health risk assessment observed in this study, it is necessary to enhance proper waste management in the study areas through proper evacuation and recycling using suitable technologies.
